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ABSTRACT:  Two  aenea  of  copolymara  contatninf  diapaiaa  rad  1  and  methyl  methaaylaU  have  been 
ayntheaised:  poly|4'-[([2-(acryloyloxy)ethyl]ethyllamiiM>]-4>iutzoaaobenzeae-cfr*meth^iBethacrylata{ (poty- 
(DRlA-co-MMA))  and  poly|4'-[[[2-(methac^kqdoiy)ethyl]atfayl]amino]-4-iutnaaobeiaaae<o>methyl  meth- 
ac^Ui  (poly(DRlM-co>MMA)).  The  aequence  dtotributiao  of  the  two  aeriee  at  eopoiyatan  ii  cakulatad 
on  the  baais  of  the  eatimatad  raartivity  ratio  valuta  and  analyaed  by  ‘*C-NMR  apectroaooiqr-  Mathgri 
methaoylata  oentarad  triad  MMD,  OMD,  and  MlOf  and  diapataa  rad  1  oantand  triad  DDD  fracttea  an 
derived  from  the  o-mathyl  carbon  of  MMA  and  earboqdcarbaai  fat  poly(DRlA-e»>MliA).  Good  agraanaat. 
ia  found  between  the  apactral  deconvolution  raaalta  and  the  calcnlatadreauha.  Potyiaartaeticil^fhaanlyaad 
frith  tha  main  chain  quatainaiy  carbon  and  carbonjdeaiboo  in  poijKmilM'CO-MldA).  Mo  apactral  aaquanca 
diatributiaa  informatiao  ia  available  for  thk  eeriea. 


Introdnetion 

Azopolymen  have  attracted  much  attention  aamateriak 
for  optied  applicationa.*  The  incorporation  of  chro- 
mophorea  ariUi  large  aecond  order  hyperpolariiahnitiea 
into  glaaay  polymera  and  the  aubaaquent  alignment  (wfaidi 
ta  a  poling  proceaa  in  atrong  electric  field^)  haa  been  a 
promiaing  technique  in  the  aearch  for  uaefiil  materiala  for 
second  order  nonlinear  optica.*  In  previous  publioationa 
we  have  deoKMistrated  that  stable  birefringenGe  and 
dichroism  can  be  optically  induced  in  amorphous  high  T, 
polymer  films  containmg  electron-donor-electron-acceptor 
substituted  azobenzene  groups.^  This  phenomenon  can 
be  used  to  record  optied  information. 

The  poling  process  and  optical  storage  process  can  take 
place  in  polymera  with  low  azo  concentrations.  The 
usefulness  of  materials  for  such  applications  depends  on 
the  energy  required  to  induce  lo(^  variations  of  optkai 
properties.  In  principle,  a  lower  energy  is  required  to  write 
and  erase  information  on  azo  polymers  with  low  azo 
concentrations.  There  are  two  different  ways  to  dilute 
the  azo  content  in  polymer  materiala.  One  is  by  copo¬ 
lymerization  and  is  explored  in  this  paper.  The  other  is 
1^  miving  the  szo  polymers  with  other  pdymers  to  fwm 
polymer  bhmds  and  is  described  in  another  piqier.* 

It  is  becoming  increasingly  clear  that  the  macroscopic 
properties  <rf  bulk  polymws  are  related  to  their  molenilar 
level  microstructure.  In  the  study  of  the  nraleeular 
reorientation  mechanism  in  azo  polymers,  the  pdymer 
tactidty  and  copolymer  sequence  distribution  may  |day 
an  important  role.  NMR  apectroeo^  has  been  proven 
to  be  the  most  powerful  experimental  tool  for  investigating 
the  microstiructure  of  various  polymers  including  poly¬ 
acrylates  and  polymethacrylates.^'' 

In  the  present  paper  we  report  the  results  obtained  from 
the  solution  NMR  investigatiem  of  two  series  of  ct^lymers, 
polyj4'-[[[2-(aciylo>doxy)ethyl]ethyl]amino]-4-nitromoben- 
zene-co-methyl  methacrylate}  (poly(DRlA-co-MMA))  and 
poiyi4'-[[[2-(methacryloyloxy)ethyllethyl]amino]-4-ni- 
troazobenzene-co-me^yl  methacrylate}  (poly(DRlM-co- 
MMA)).  The  structures  of  the  copolymer  units  are 
presented  in  Chart  1. 

*  Queen's  University. 

>  Royal  Military  College. 

*  Abetrect  published  in  Advance  ACS  Abttraett,  Xiiiiiiii  YY, 
7777. 
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llie  two  series  of  copolymers  with  similar  rqieating  units 
and  the  same  azo  cemtent  are  found  to  hirva  different 
microstructures.  The  o^rolymer  sequence  distributkm  is 
first  calculated  on  the  basis  of  oompositional  data  and 
then  measured.  Our  preliminary  tytical  testa  on  the  two 
series  of  copolymers  have  shown  that  there  are  differences 
between  t^  two  ct^mlymer  series. 

Experimental  Procedures 

CopojymerssniplasaawsBaahoincpoiymsiswstssynthesirad 
by  free-radical  pobrsaaiBatioB  in  tohiaos.  Tshim  (K>H. 
reagent)  was  dried  by  rafluiiac  over  sodmmwtthabenaoplioiicoe 
indicator  prior  to  use.  Tbe  oMmomats  DRIA  aad  DRIM  were 
iwepared  from  disperse  red  1  (DRl)  (Aldiift)  as  ptovioualy 
retorted.*  Methyl  aiatbarTyiate  (MMA)  was  pniiBad  by  dis¬ 
tillation  before  use.  Sohitione  (0.5  M)  of  suh^b  ndxtiueo  of 
eomemomers  (DRIA  and  MMA  or  DRlM  and  MMA)  wen 
pipeted  into  giaas  ampules  containing  AIBN  at  a  level  of  10% 
by  monomer  weight.  NitrogenwasbubUedthrou^thesohitiona 
for  6  min-  The  ampule  was  then  immersed  in  liquid  Nt  and 
sealed,  while  the  contents  were  frosen.  The  amptdm  were  allowed 
to  return  to  room  temperature  and  then  heated  to  00  *C.  The 
polymeriaati<»  was  allowed  to  proceed  to  high  conversion  at  this 
temperature.  Polymers  were  isolated  from  the  reaction  ampule 
after  2  days  by  jnecipitation  into  methanol  followed  by  rapre- 
dpitation  from  tetrahydrofunn  into  methanoL 

The  molecular  wei^iti  of  the  reauhing  polymers  wore  estimated 
by  gel  permeation  duomatographyCGPC).  A  Waters  Associates 
liquid  chromatograph  equipped  with  a  Model  440  afaeorbance 
detectm  and  a  Model  R401  difTerential  rafractometer  was  used. 
Peak  molecular  weights  of  ''-4000  were  obtained  for  the  copol- 
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Tiguim  1.  'H  ■pectnun  ot  poly<DRlA-co-MMA)  4. 

_ T«M»  1.  Dfito  P»l3r— ri—H— _ 

initul  fMd  tonpothioik  coownioB 
(DRVMMA  (DRl/MMA  (Micht  tnoMtiaa 
copolymw  aol  mdej  —ol  w<i»)  fcactioa)  Ump  f*0 

Poiy(DRlA-M>lillA) 

1  0.19  ai4  0i90  92 

2  a44  0J9  036  91 

3  0.80  063  066  89 

4  1J3  073  080  91 

6  021  1.33  070  94 

6  329  2.27  083  95 

7  729  4.17  056  102 

Poly<DRlM-e»-MilA) 

8  009  006  024  114 

9  020  006  061  112 

10  026  011  068  110 

11  060  029  063  120 

12  021  038  068  120 

13  1.28  0.71  050  120 

14  032  1.79  0.47  119 

15  5.59  4.45  041  122 

ymenaodhoaiopolyEaara.  llwinolacularwciglitioftbepalymm 
•nd  copolymen  were  limited  by  the  amount  ot  initiator  (10% 
weight)  in  the  polymerizatioo  reaction  in  order  to  obtain 
a  better  yield.  However,  arhen  a  lower  amount  of  initiator  (1% 
weight)  waa  uaed,  the  molecular  weight  of  the  polymen  was  not 
higher.  But  the  yields  wwe  very  poor  in  this  case. 

The  glaaa  transition  temperatures  of  the  copolymen  were 
measured  by  diffenntial  scanning  calorimetry.  A  Mettler  TA 
3000  thermal  analysis  system  equipped  with  a  TClOA  TA 
pro  cess  or  and  a  DS<^  heed  was  used.  Heat  flew  vs  temperature 
data  were  obtained  at  the  second  scan  with  a  scanning  rata  of  20 
•C/min.  Details  on  initial  nwnoraef  ratiaa,  ^ass  transition 
temperatures,  the  identification  number,  and  the  composition  of 
the  product  poiymen  are  presented  in  Tahis  L 

liieconqjositiooandthemicioetructaeofthshoinopoiynien 
and  oopoiyinen  were  analysed  an  a  Bruksr  AC-F  300  NMR 
spectrotneter  using  standard  pulse  sequenoas  for  proton  spectra. 
Carbon>13  NMR  spectra  wera  ohtsinad  on  a  Bruker  AM-400 
spectrometer  and  were  ooOectad  for  more  than  10  h  with  gated 
decoupling  and  a  6-s  delay  between  pubes.  The  solution  samples 
for were  prepared  using  0l6  g  of  polymar  in  CDCb  with 
10-mm  sample  tub^  AO  samples  were  run  in denteriodilarofarm 
solution. 

Spectral  deconvolution  of  the  Fourier-transformed  spectra  was 
done  with  NMR286  from  Softpube  Sedtware,  a  program  for  the 
processing  of  NMR  spectroacopy  data  on  a  personal  computer. 
Lorentzian  line  shapes  were  us^  for  all  spectra. 

RetuUs  and  Disenssion 

Determination  of  Copolymer  Compositions  and 
Reactivity  Ratios.  The  ctqwiymer  compositions  are 
analyzed  from  proton  NMR  spectra.  Figure  1  depicts  the 
*H-NMR  spectrum  of  poly(DRlA-co-NOdA)  (copolymer 
4)  as  an  example  for  this  copolymer  series.  The*H-NMR 
spectrum  of  homopolymer  PDRLA  has  been  assigned  in 


s  ’  s  5  4  J  J  1  0 
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Flgniwr  iH  spectrum  efpoly(lHtlM-«o-MMA)  12. 

a  previous  pubIkatkB.*  llisaMignmsntaQftheoapolymer 
H>octr\im  shown  in  FIgiBe  1  are  mad#  by  oonqkuison  wiA 
the  spoctra  of  tho  hoowpotymers.  Shnihr  ^H-NMR 
^Itoctia  have  bosnobtalnsdihf  pram  and  pojyfMtlM- 
co-MMA)  copohroMraariM.  b  l%me  2.  tin  >1M1MR 
qwctnim  of  po|y(raill  fo  MMA)  (copolymer  11)  is 
shown.  Hw  copolymsr  waposKhms  can  be  readily 
obtained  by  the  ratio  of  the  intogratod  peak  areas  of  the 
aromatic  region  and  the  aliphatic  regioit.  The  results  are 
listed  in  Table  L 

Raectivi^ratioeofthshlihcoovsnioncopolymetiation 
canbeeetimatadllybeKalen-IbkedCDhiidiaMner- 
aion  formula,  which  is  bseod  on  ttseimpleetkinrtk  model 
of  copolymerisation,  the  terminal  model*  Thecakolated 
reactivity  ratioa  for  the  two  series  of  copolymers  are 

poIy(DRlA-co-MMA):  *1-29  “  0.45 

poly(DRlM-co>MMA):  rw,  »  4.00  romu  *  1.20 

For  both  systems,  MMA  is  mors  reactive  than  the  DRl 
monomer,  but  the  results  for  poly(DRlM-co-MMA)  are 
surprising.  Nwmnlly,  a  methaoidate-methacrylate  pair 
shcMild  generate  a  reactivity  ratio  product  doee  to  maity. 
Here  the  vahiee  suggest  a  tendency  to  form  a  blo4^ 
sequence  for  both  comonamms.  This  is  probably  a  lamilt 
of  iqrproximatioiismtroducsd  by  tho  method  oari  and  <rf 
the  spread  of  the  pants  in  the  graph.  Itisnotwtthin 
tbeso^of  this  papar  to  compare  various  oopolymari- 
zatkm  equations  and  then  ^yfdkability  to  our  systam. 

What  fdlowB  is  a  test  of  the  rdiabQity  die  reactivity 
ratio  values  ohtainsd  by  the  Kalen-Tudos  mebod  to 
predict  the  actual  copotymsg  ccmpoeitiai.  Theeompo- 
sitiona  are  calculated  from  bseopolymeriialion  equation 
stepwise  witha  10%  convsisionincremwtand  then  added 
up  to  the  final  oonveision.  The  omnpositioaB  caknlatsd 
from  the  oopolymeritation  equation  are  eompered  in 
Figure  3  with  the  experimental  conqMsitions  deri^  frmn 
theNMRspectra.  Theverticsl  axis. /nai.  is  the  copolymer 
compositiai  expreesed  as  the  mole  finKtion  of  the  dispenrae 
red  1  repeating  units  in  the  copolymer.  The  hoiismtal 
■xi6,  Fdri,  is  tlw  feed  m<mmner  composition  expressed  as 
the  mole  fraction  of  disperse  red  1  monomer  in  the 
monomer  feed.  The  agreement  between  the  calculated 
and  experimental  compositions  is  good  for  both  series  of 
copolymers,  srhich  means  that  the  Kelen-Tudoe  formula 
can  be  reasonably  used  to  astimate  the  reactirity  ratioe. 

(brbon-ll  Nl^  Saquonoa  Anatysis.  Poly(DRlA- 
co-MMA).  Tha  reactivity  ratioe  calculated  vis  the  Kelen- 
Tudos  method  could  alw.be  used  to  predict  sequence 
distributions.  Assuming  tlw  first  order  Markov  model  to 
be  valid,  the  fractions  of  the  methyl  methacrylate  centered 
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FiforeS.  Polymer  compaction  as  ■  Auction  of  feed  oonpoution 
for  the  two  Mriea  of  copo^men. 
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Fi(ure  4.  spectrum  of  poly(DRlA-co-MMA)  3. 

trudi  (/mmii./diiMi  and /dmd)  40(1  disperse  red  1  centered 
triads  (/odd. /ddUi  and /mdm)  can  be  cdculated.  Sincethe 
calculation  is  affected  by  changes  in  feed  composition  for 
the  high  conversion  copolymerizations,  cumulative  triad 
distributiona  were  calctilated  stepwise  with  a  10%  con¬ 
version  increment  The  final  results  are  obtained  by 
sununation  of  the  triad  fractions  over  the  final  conversion 
in  o^lsrmerizatkm.  llte  calculated  sequence  distribu¬ 
tions  of  the  copolymers  are  used  as  cmnparisons  to  the 
experimental  results  derived  from  >*C-NMR  spectra. 

The  proton  decoupled  *Kl-N]dRqpecttum  of  copolymer 
3  b  printed  in  Kgure  4.  The  assignment  of  resonances 
to  individual  carlm  atoms  is  made  on  the  basis  of 
«f-modulat^  spectra  of  the  ct^lymers  and  from  the 
known  assignments  of  PMMA  as  weD  as  the  published 
results  of  some  azopolymers.^'^*  Tie  >SC-NMR  spectra 
of  the  series  of  copolymers  are  consistent  with  a  regular 
head-to*  tail  arrangement  of  monomeric  units.  Within  the 
limits  of  instrumental  sensitivity,  no  signal  corresponding 
to  either  head-to-tail  or  tail-to-tail  linkage  can  be  observed. 

At  first  we  consider  the  **C-NMR  signals  of  the  carbonyl 
carbons  (Cu  and  Cb)  of  DRIA  and  MI^  in  the  copolymer 
series  for  sequence  analysis.  The  carbon^  sigiuds  in  this 
series  are  depicted  in  Figure  5.  In  PDRIA,  the  carbonyl 
signal  appeals  as  a  single  broad  peak  around  174  ppm. 
The  intensity  of  the  sipial  at  this  position  decreases  as 
the  concentration  of  DRlA  decreases.  On  Mother  hand. 


CopdyBMn  of  Dispefss  Red  1  and  lOIA  C 


Figure  5.  spectra  of  carbonyl  carbons  of  PDRlA,  PMMA, 
and  polyiDRlA-co-MMA)  1, 2,  4,  and  5. 


PMMA  homopolymer  signals  range  from  176  tolTSppm, 
ahowingatleastaizresoDancelines.  Hw peaks ecm^Mnd 
to  mrrm,  rrrm,  irrr,  rmrm  +  mmrm,  rmrr  ^  w&rr,  and 
mmmm  +  mmmr  +  rmmr  with  increasing  fiddaooording 
to  Peat  and  ReynoUa.*  bi  the  poly(DRlA<«»-ifMA) 
copolymer  setiea,  the  rceoaanoe  at  174  ppm  is  sMipud  to 
the  azo  group  centered  triad  (ODD  — The 
resonances  at  176-179  ppm  are  — igi»*«i  to  the  methyl 
methacrylate  centered  triad  (MMM  sequence).  Spectral 
pattemsof  the  carbonyl  carbons  in  this  series  of cspobBam 
are  very  cmnplicated.  Spectral  deconvidutiantasrilMaie 
scatter^  due  to  the  oonplexity  of  the  signals  ■"ttfrr**** 
todeccnvdutioo.  Only  those  rescdvaUe  peaks  at  174  and 
176-178 ppm  wees  nsadte  dm  calculation  cfttaAoDSBi 
/mmm  sequences,  nwmatofthe  resonances  wUmaieths 
intermediate  peaks  between  174  and  176  ppm  wan  not 
mnniflfinifl  hrir  bnrsnse  their  assjgnnmnfs  sia  mil  slialght 
fenward. 

After  curve  fitting,  the  deoonvtduted  peak  anmef  174 
and  176-179 ppm  are  plotted  m  a  ftmetion  of  coayosition. 
Figure  6  shows  the  experimental  fractions  of /ban  and 
/MMMforthisserimofcopol^ers.  Calculated  triads/^ 
and  /mmm  are  also  plott^  in  Figure  6,  showmg  that  the 
assignment  is  pndM^  owrect  and  the  correlatko  k  ^ly 
good 

Ezaminatkm  of  the  spectra  also  re  veais  that  the  o-metl^ 
carbon  (Cd)  resonances  from  MMA  are  aenaitive  to 
sequence  distiibutiotL  Figure  7  depicts  the  sigasb  in  the 
15-22  ppm  range  for  PMMA  and  copolymers  1, 4,  and  6. 
The  or-methyl  carbon  of  PMMA  has  two  main  aignala  at 
16.2  and  18.6  pjMn,  adiidi  can  be  assigned  to  rr  and  mr 
triads,  respectively.'*  In  the  copolymer  series,  resonances 
at  the  aame  chemical  shifts  are  deconvoluted  nod  added 
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Ficttf*7.  **Ci|Mctraofthe<i-metlqrl carbon  (C^)  of PMMAukI 
poiy(IMtlA-«o-MMA)  1,  4,  and  f. 

up  to  generate  the  MMM  triad  sequence.  There  is  no 
resonance  firom  PDRIA  in  this  area;  therefore  aU  the  signab 
have  to  be  aaeigned  to  MMA  centered  triads  (fiaot,  fomh 
/mmd).  As  the  MMA  concentration  decreases,  a  new  broad 
sigiud  at  about  20  ppm  labeled /buDiucreaws.  This  peak 
reaches  maTimnm  intensity  at  the  highest  composition  of 
ORIA  in  the  copolymer  and  therefore  is  assigned  to  the 
DMD  sequence.  The  signal  marked  as  /dmm  b  an 
intermediate  peak  for  copolymers  at  about  18  ppm. 

The  results  of  the  calculated  and  experimental  sequence 
distributions  are  presented  in  Figure  8,  where  the  diuhed, 
dotted,  and  solid  lines  represent  calculated  /mmd.  /dmdi 
and  /uMM  sequences,  respectively.  The  results  show  a  goo? 
agreement  between  the  deconvoluted  and  calculated  ^ta. 

In  this  series  of  copdymers,  we  have  assigned  DDD  triads 
and  MMA  centered  triads  (MMD,  DMD,  MMM)  in  the 
^•NMR  spectra.  Some  of  the  calculations  based  on  the 


FIguieS.  Calculatsd  and  experimental  MMA  ssntefsd  triad 
fractions  obtainsd  from  Uw  a*nMtlqd  carbon  <Cd  aigndo. 
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Figure  9.  spectrum  of  poly(DRlM-co-MMA)  11. 

first  order  Markov  model  have  been  confirmed  by  NMR 
spectroscopy.  Data  on  DRlA  centered  triads  other  than 
/dod  ok  not  available  in  the  spectra.  However,  there  is 
go^  agreement  between  the  >K>NMR  results  and  the 
calculated  results  and  it  seems  reasonable  to  aeetnns  that 
the  first  order  Markov  model  for  sequence  distribution  is 
valid  in  the  poly(DRlA-co-MMA)  aeries. 

Poly(DRlM-oo>MMA).  The  proton-decoupled  **€- 
NMR  spectrum  copolymer  11  is  presented  in  Figure  9, 
together  with  the  aasignmente. 

In  tlm  PMMA  spectrum,  carbon  Cc  exhibits  three  peaks. 
As  depicted  in  Figure  10,  the  peaks  are  assigned  to  botaetic 
(mm),  syndiotactic  (rr),  and  heterotactic  triads  (mr).*"  In 
theoopdyDMraabs,CMandC,caiboaBiaeoaaletflgetfaar. 
However,  the  resonance  of  the  mm  triad  b  oopachivooed 
by  the  Cf  and  Cii  signab  from  PDRIM.  nmbbiMdiat 
44L6  and  44.9  ppm  were  deconvduted.  UtepmbabflHjrsf 
fonning  a  meoo  died  (#)  can  be  calculated  frem  the  ratio 
of  the  peak  areas  (mr/rr)  as  foQows 

mr(44.9  ppm)  ^  2(r(l  -  c) 
rr(44.6  ppm)  (1  -  »)* 

a  u  plotted  as  a  function  of  copolymer  con^wsition  in 
Figure  11.  v  increases  linearly  as  the  DRlMoanoentrati<m 
in  the  copolymer  increases.  In  thb  case,  we  are  dealing 
with  meso  diads  from  aU  sequences  including  DD,  MM, 
andMD.  The  average  syndiotactic  fractum  decreases  with 
increasing  azo  content  in  the  copolymer  series  whidi  means 
that  the  azo  copolymers  are  leas  syndiotactic  than  PMMA. 
Thu  tt  probably  because  that,  in  DRIM,  there  are  two 
methylene  units  between  the  azo  group  and  the  main  chain 
which  allow  more  flexibflity  during  the  free-radical  po- 
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**•  PP“  "»<«  of  the  “C  «>ectn  of  PMMA, 
PDRIM,  and  polyCORlM-co-MMA)  f-ll,  13,  and  U. 


Ficunll.  Probability  of  meaodiadfonnatkmcakuktedfrtiai 
the  main  chain  quaternary  carbon  and  carbonyl  carbon 

lymerizatioD.  The  v  value  for  PDRIM  is  0.4,  which  is 
very  close  to  a  random  configuration  distribution. 


Good  agreement  is  found  for  the  tacticity  analyais  from 
the  two  signals.  Becauae  of  overla^nmig  between  the 
urbonyl  signals  from  MMA  and  DRIM,  this  is  the  only 
information  that  can  be  obtained  from  this  spectral  regioa 
The  signal  omresponding  to  the  Cu  carbon  of 
PDRIM  at  about  62  ppm  is  sptt  into  two  resonance  posAs 
(Figure  13).  Assumingonh^ configurational  contribution, 
the  peaks  at  about  624)  and  62.5  ppm  are  assigned  to  r  and 
m  diads,  respectively,  aa  shown  in  Figure  13.  TIib  Cu 
signals  fiom  the  oopolyiMn  show  a  similar  spit  The 
probaUSity  of  forming  m  died  (e)  has  been  calculatsd  from 
these  signals  and  is  presented  in  F%nre  11.  *I1wdataare 
rather  scattered  bemuse  the  two  sipuls  are  not  very  wen 
separated  in  this  case.  PMMA  dose  not  resonate  in  this 
region;  therefore  titese  signals  representonly  the  tmthi^y 
of  DRlM  units.  Hiue  the  probability  forming  a  ameo 
died  does  not  depend  on  ooptdymer  rnmpositiiai.  as 
expected.  eisal:^a4,«dnehiBtheaamavalue«tend 
**‘r  Tthrr  ligTinls  pirrininlji  siialjsml 
In  this  series  of  o(^>otymers,  we  have  been  only  able  to 
obtain  information  on  tacticsty  from  the  **C- 

NMRspeetra.  Sequoioe  anatysis  is  not  posaiUB  doe  to 
signal  omlappiat. 


The  carbonyl  carbon  signal  of  PDRIM  appears  split  by 
pentad  tacticity.  At  least  seven  separate  lines  can  be 
resolved  from  the  signaL  According  to  Altomare  et  aL,** 
the  resoDsuices  of  the  carbonyl  signals  can  be  tentatively 
assigned  to  mrrm,  rrrm,  rnr,  mmrm,  rmrm,  rmrr,  mmrr, 
mmm,  mmmr,  and  rmmr  pentads,  as  shown  in  Figure  12. 
This  proposed  assignment  is  similar  with  that  reported 
for  poIy(methyl  methacrylate).** 

The  probability  of  forming  a  meso  died  (e)  can  also  be 
calculated  from  the  carbonyl  signals  in  the  copolymer 
series.  The  results  are  shown  in  Figure  11  together  with 
those  calculated  from  the  main  chain  quaternary  carbons. 


ConclnsioBs 

Two  series  of  copolymers  enn  twining  disperse  red  1  and 
methyl  methaerjdate  have  been  synthesized,  and 
microstiuctures  have  been  analyst  The  reliability  of 
the  data  for  the  poIy(DRlA-co-MMA)  aeries  was  |Moven 
by  *%-NMR  spectroao^y.  However,  the  expmmental 
data  on  the  s^uence  distribution  of  the  poly(DRlM-«o> 
MBdA)  senes  is  notavaflable  from  **C*NhfltspecUueuipy. 
If  the  calculated  sequences  are  true,  tile  results  win  be  of 
practical  interest  b  optical  stmage  processes  IHll  acts 
as  the  optically  active  |^p,  while  MMA  is  inert  to  light. 
The  two  copolymer  aeries  seem  to  have  a  fairiy  diflimot 
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saquanca  diatribution  to  allow  ua  to  atudy  the  effect  of  the 
next  neighbor  in  thia  proceaa. 
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